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(57) ABSTRACT 

An electrically powered steering device comprises a ball 
screw mechanism for transmitting a steering force from a 
steering wheel to steerable vehicle wheels. The ball screw 
mechanism includes a rotary nut 11 having a nut body 11a 
in which a circulating passage 15 is formed so as to extend 
axially thereof, and end caps 14a and 146 secured respec- 
tively to opposite ends of the nut body 11a. Each of the end 
caps 14a and 14b has defined therein respective guideways 
17a and lib for balls 13 that communicate opposite ends of 
the circulating tunnel 14 with a ball rolling passage 12. The 
end caps 14a and 146 and the nut body 11a are made of a 
sintered alloy. The nut body 11a has an outer periphery of 
one end thereof that is axially progressively reduced in 
diameter to define a tapered surface. 

14 Claims, 17 Drawing Sheets 
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Fig. 2 
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Fig. 5 





12/19/2002, EAST Version: 1.03.0007 



U.S. Patent Oct. 15, 2002 Sheet 5 of 17 



US 6,464,034 Bl 



Fig. 7A 
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Fig. 8 
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Fig. 9 
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Fig. 11 
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Fig. 12 
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Fig. KB 
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Fig. 15 
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Fig.17A 
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Fig.19A 
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Fig. 21 
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Fig. 22 
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ELECTRICALLY POWERED STEERING 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to an electrically 
powered steering device for an automotive vehicle and, 
more particularly, to the electrically powered steering device 
employing a ball screw mechanism for transmitting a drive 
output from an electric motor to a steering shaft to selec- 
tively advance and retract the latter. 

2. Description of the Prior Art 

The electrically powered steering device is an instrument 
to assist the steering force of a steering wheel by means of 
an electrically driven motor and is currently available in 
various types. One of the types employed is of a design 
wherein a retractable steering shaft coupled with a steering 
mechanism for vehicle wheels is imparted an axially shifting 
force that is transmitted thereto from the steering wheel 
through a motion translating mechanism such as a rack-and- 
pinion mechanism for translating a rotary motion of the 
steering wheel into the axially shifting motion and, also, an 
axially shifting force that is transmitted thereto from an 
output of the electrically driven motor through a ball screw 
mechanism. The ball screw mechanism is currently avail- 
able in various types according to the manner in which a 
series of balls are circulated, including a bridge type, a tube 
circulating type and an end-cap type. The electrically pow- 
ered steering devices of a rack-and-pinion type employing 
these ball screw mechanisms are disclosed in, for example, 
the Japanese Laid-open Patent Publication No. 59-50864 
disclosing a basic structure, the Japanese Laid-open Patent 
Publication No. 9-142315 disclosing the use of the bridge 
type ball screw mechanism, the Japanese Laid-open Patent 
Publication No. 54-47236 disclosing the tube (circulator) 
type ball screw mechanism, and the Japanese Laid-open 
Patent Publication No. 6-20 1013 disclosing the use of a 
resin-made end cap type and a resin-made circulating pipe 
type. 

FIG. 23A illustrates the prior art ball screw mechanism of 
the bridge type such as disclosed in the Japanese La id-open 
Patent Publication No. 9-1423 15. As shown therein, a ball 
screw shaft 1 having an externally threaded groove 4 formed 
thereon has a ball screw nut 5 mounted therearound. The ball 
screw nut 5 has an inner peripheral surface formed with an 
internally threaded groove 56 in alignment with the exter- 
nally threaded groove 4 to thereby define a ball guide 
passage for a series of balls 7. The ball screw nut 5 is 
arranged with a bridge member 5d that defines a connecting 
passage for connecting neighboring internally threaded 
grooves 5b. When the ball screw nut 5 rotates about and 
relative to the ball screw shaft 1, the ball screw shaft 1 is 
axially moved relative to the ball screw nut 5 by the effect 
of a reactive force from the threaded grooves. Since the balls 
7 successively depart from the ball guide passage as they 
rollingly advance along and within the threaded grooves 
incident to rotation of the ball screw nut 5 and axial 
movement of the ball screw shaft 1, a supplement of the balls 
would be required depending on the amount of rotation. In 
view of this, the provision has been made of the bridge 
member Sb so that the balls 7 successively advanced along 
and within the threaded grooves can be returned to the 
threaded grooves through the connecting passage defined in 
the bridge member Sd. 

On the other hand, shown in FIGS. 23A and 23B is an 
example of the prior art bridge type ball screw mechanisms 
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that is disclosed in the Japanese Laid-open Patent Publica- 
tion No. 54-47236. As shown in FIGS. 23A and 23B, of the 
groups of balls lined up in a region LA or LB in an axial 
direction of the ball screw nut 2, that is, the balls of either 
one of two rows of the balls rollingly move within threaded 
grooves formed in the ball screw shaft 1 over a distance 
corresponding to an axial length and interposed between the 
ball screw grooves. The two rows of balls 3 A and 3B guided 
by respective rows of circulators 6Aand 6B so as to circulate 
, are interposed between the internally threaded groove 2a in 
the ball screw nut 2 and externally threaded grooves la and 
lb in the ball screw shaft 1 while the balls of one row 3 A are 
so designed as to have a diameter appropriately larger than 
that of the balls of the other row 3B, so that during the 
str vight run of the automotive vehicle the balls of the row 3A 
can roll in part within the internally threaded groove 2a in 
the ball screw nut 2 and in part within the internally threaded 
groove la in the ball screw shaft 1 which has a large 
diameter portion d 2 while the ball of the row 3B can roll in 
part within the internally threaded groove 2a in the ball 
screw nut 2 and in part within the externally threaded groove 
lb in the ball screw shaft 1 which have a reduced diameter 
portion d x . Accordingly, the row of the balls 3A of the larger 
diameter that are guided by the circulator 6A are interposed 
between the internally threaded groove 2a in the ball nut 2 
and the externally threaded groove la in the large diameter 
portion of the ball screw shaft 1 with no gap formed 
therebetween. In this design, when the steering wheel is 
turned rightwards (clockwise) or leftwards 
(counterclockwise) during the steering of the automotive 
vehicle, accompanied by rotation of the ball screw shaft 1, 
the ball screw nut 2 can be moved rightwards or leftwards 
through the threaded grooved and the rows of the balls 3A 
and 3B. 

One example of the prior art end cap type ball screw 
mechanism is disclosed in the Japanese Laid-open Patent 
Publication No. 6-201013. According to this patent 
publication, an end cap is mounted on each of opposite ends 
of the ball screw nut to allow the balls to be returned to the 
circulating pipe and the end caps and the circulating pipe are 
both made of a synthetic resin. 

FIG. 24 illustrates another type of the prior art end cap 
type ball screw mechanism. As shown therein, a rotary nut 
71 has a substantially intermediate portion thereof formed 
with a radially outwardly protruding flange 72. A rolling 
bearing 73 is mounted externally on the rotary nut 71 so that 
the rotary nut 71 can be rotatably supported by and within 
a housing. A rotor 74 of an electrically driven motor for 
driving the rotary nut 71 about the longitudinal axis thereof 
is also mounted on the rotary nut 71. The radially outwardly 
protruding flange 72 is utilized for positioning the rolling 
bearing 73 and the rotor 74 relative to the rotary nut 71 . 

The rolling bearing 73 is of a so-called inner-race rotating 
type in which the inner race 73a is rotatable together with 
the rotary nut 71 and, for this purpose, the rotary nut 71 is 
press-fitted into the inner race 73a with a predetermined 
interference present between an inner peripheral surface of 
the inner race 73a and an outer peripheral surface of the 
rotary nut 71. On the other hand, since the rotor 74 cannot 
be press-fitted over the rotary nut 71 in a manner similar to 
the rolling bearing, a portion of the outer peripheral surface 
of the rotary nut 71 that is connected with the rotor 74 is 
knurled to provide a knurled surface area 75 for slipless 
engagement with the rotor 74. While the knurled surface 
area 75 can be formed by any known rolling process, an 
annular groove 76 is necessarily formed in the rotary nut 71 
on each side of the knurled surface area 75 for the conve- 



12/19/2002, EAST Version: 1.03.0007 



US 6,464,034 Bl 

3 4 

nience of the rolling process. Also, a portion of the outer nut 5 at an inner periphery of the ball screw nut 5, and 

peripheral surface of the rotary nut 71 on one side of the therefore, a step tends to necessarily occur at the joint 

knurled surface area 75 adjacent the end thereof is formed as between the bridge member Sd and the ball screw nut 5. The 

a cylindrical guide portion 77 for guiding the rotor 74 onto step so formed will scrape a film of the lubricant deposited 

the knurled surface area 75 before ihe rotor 74 is mounted 5 on the surface of each ball. 

on the knurled surface area 75 in a slipless fashion. The With respect to the prior art end cap type shown in FIG. 

cylindrical guide portion 77 has a diameter slightly smaller 14, an outer peripheral surface 71a of the rotary nut 71 

than the outer diameter of the knurled surface area 75 of the adjacent a portion where the bearing is mounted is formed 

rotary nut 71 so as to facilitate mounting of the rotor 74 onto in a cylindrical shape. Accordingly, when the inner race 73a 

the rotary nut 71. 30 of the bearing 73 is press-fitted onto that portion of the outer 

Although the prior art bridge type shown in FIG. 23Ahas peripheral surface 71a of the rotary nut 71, the inner race 

an advantage in that the ball screw nut 5 can have a relatively 73a tends to collide against an annular end edge of the outer 

small outer diameter, not only is the number of component peripheral surface 71a, resulting in reduction in workability 

parts large because of the use of the separate bridge member du'ing the press-fitting of the bearing 73. Even at the time 

5a- mounted on an outer diametric portion of the nut 5 that ^ of assemblage of the rotor 74, mounting of the rotor 74 onto 

is depleted, but also difficulty is encountered in mounting a the knurled surface area 75 through the guide area 76, 

motor and a bearing onto the outer peripheral surface of the utmost care is required to avoid any possible misalignment 

ball screw nut because of the use of the separate bridge and formation of the step, requiring the increased number of 

member 5a" mounted externally on the nut as a ball circu- manufacturing steps. Also, even where the separate end cap 

lating component part. In addition, only chamfering can be 20 77 is fastened to the nut body of the rotary nut 71 by the use 

effected to that end of the bridge member Sd secured to the of the bolt, the outer diameter of the end cap 77 is precau- 

nut 5 at an inner periphery of the ball screw nut 5 and, tiously chosen to be slightly smaller than that of the guide 

therefore, a step tends to be necessarily occur at the joint area 76 to avoid any possible misalignment and formation of 

between the bridge member Sd and the ball screw nut 5. The the step, but the selection of the outer diameters in this way 

step so formed will scrape a film of the lubricant deposited 25 brings about another problem in that the presence of the step 

on the surface of each ball 7. interferes with the inner diameter of the rotor 74 at the time 

ai ,u u a k cj ,.w ir, Uf. fi, m iv of mounting of the rotor 74. On the other hand, while the 

Also, since the bridge member 5a requires to be nrmly f , , , ' . . 

' . fe ... , I u/,i flii^ ;« , knurled surface area 75 is recommended to have a length as 

connected in position with a bonding material filled in a , , ....... . , . . 4 . ? • • 

j ,77 etU , t ftu uii^m,! large as possible, limitation is imposed due to the machining 
depleted portion of the outer diameter of the ball screw nut 

5, not only is the workability lowered, but also the bonding 30 and assembling problems. 

material used tends to come oozing, requiring a job of SUMMARY OF THE INVENTION 

removing the deposited bonding material. Accordingly, the present invention has been devised to 

Where in the bridge type is applied to the ball screw in substantially eliminate the above discussed problems inher- 

which the outer diameter of the nut is limited, the following 35 C nt in the prior art electrically powered steering device and 

limitation tends to occur. Specifically, in order to secure a j s intended to provide an improved electrically powered 

high load capacity with the outer diameter of the nut reduced steering device wherein the balls in the ball screw mecha- 

and having a reduced sectional height, it is necessary to n is m can m \\ anc j circulate smoothly and which is simple in 

accommodate an increased number of balls of a small size. structure and can easily be assembled while accomplishing 

Although in such case the employment of multi-thread 4Q a s [ zc reduction of the electrically powered steering device, 

grooves capable of increasing the load capacity is j Q orc j er t0 accomplish the above described object, in one 

advantageous, the employment of the multi-thread grooves aspect of the present invention, there is provided an elec- 

requires the bridge member 5a* for returning the balls to be trically powered steering device which comprises a housing; 

disposed so as to straddle the adjacent ball guide passage a steer i n g shaft drivingly connected with a steering mecha- 

and, therefore, the employment of the multi-thread grooves 45 nLsm for steer i ng wheels and extending completely through 

is impractical and impossible. me housing; a motion translating mechanism for translating 

In the prior art bridge type shown in FIGS. 23B and 23C, a rotary force exerted by a steering wheel into a force 

where the balls movable so as to circulate within the ball required to move the steering shaft in a direction axially of 

screw have the same diameters, the outer diameter of the ball the steering shaft; a ball screw mechanism including a ball 

screw nut 2 tends to increase, resulting in increase of the 50 screw shaft constituted by a portion of the steering shaft, and 

entire size of the steering device used in, for example, an a rotary nut; and an electric drive motor mounted at one end 

automotive vehicle. Also, where a rack or the like is pro- on an outer periphery of the rotary nut of the ball screw 

vided on the outer periphery of the nut, areas to be machines mechanism. The ball screw mechanism comprises the ball 

are limited and, therefore, the phase of the ball screw aligned screw shaft having a spiral outer groove formed therearound. 

with a neutral position of the steering wheel of the electri- 55 The rotary nut is formed with a spiral inner groove con- 

cally powered steering device must be supervised. fronting to and aligned with the spiral outer groove on the 

Although the prior art bridge type shown in FIG. 23Ahas ball screw shaft. A plurality of torque transmitting balls are 

an advantage in that the screw nut 5 can have a relatively disposed in a series within a ball rolling guideway defined 

small outer diameter, not only is the number of component between the spiral outer groove on the ball screw shaft and 

parts large because of the use of separate bridge member Sd 60 the spiral inner groove in the rotary nut and for transmitting 

mounted on an outer diametric portion of the nut 5 that is a force between the rotary nut and the steering shaft. A ball 

depleted, but also difficulty is encountered in mounting a circulating passage communicated with the ball rolling 

motor and a bearing onto the outer peripheral surface of the guideway Is formed in part in a nut body of the rotary nut 

ball screw nut because of the use of the separate bridge and in part in end caps secured to respective opposite ends 

member 5a* mounted externally on the nut as a ball circu- 65 of the nut body. 

lating component part. In addition, only chamfering can be In the practice of the present invention, the ball circulating 

effected to that end of the bridge member 5d secured to the passage may include a circulating tunnel defined in the nut 
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body so as to extend axially thereof, and a passage defined 
in one or both of an end face of the nut body and an inner 
end face of the end cap held in contact with such end face 
of the nut body so as to straddle therebetween for commu- 
nicating a corresponding end of the circulating tunnel with 5 
the ball rolling guideway. 

According to the structure described above, since the ball 
circulating mechanism does not protrude outwardly from the 
outer periphery of the rotary nut, the rotary nut of the ball 
screw mechanism can have a reduced outer diameter and the io 
circulation of the balls can take place smoothly. In addition, 
not only can the number of component parts required be 
reduced, but also the number of manufacturing steps can be 
reduced, resulting in reduction in cost of manufacture. 

Also in the practice of the present invention, a rolling 15 
bearing may be mounted on an outer periphery of the rotary 
nut for rotatably supporting the rotary nut relative to the 
housing, in which case the outer periphery of the rotary nut 
may be formed integrally with a radially outwardly protrud- 
ing positioning flange for positioning the rolling bearing 20 
mounted thereon. This feature permits the rolling bearing for 
rotatably supporting the rotary nut can be positioned and 
fixed on the outer periphery of the rotary nut and, therefore, 
the electrically powered steering device can have a reduced 
radial size. 25 

Preferably, each of the end caps may have a counterbore 
that is staked to prevent a fixing bolt, used to secure the 
respective end cap fixedly to the nut body, from being 
rotated arbitrarily. According to this feature, after fixing 
bolts for fixing the end caps to the nut body have been 
threadingly fastened, the counterbores are staked to lock the 
end caps relative to the nut body. Accordingly, any possible 
loosening of the fixing bolts once firmly fastened can be 
avoided with a simplified structure to thereby increase the ^ 
reliability. 

The ball rolling guideway of the ball screw mechanism 
may be of a multi-thread design. This feature makes it 
possible to reduce the diameter of the torque transmitting 
balls and then to arrange the torque transmitting balls and, m 
therefore, the load bearing capacity can be increased while 
the radial dimension is reduced to render the device to be 
compact in size. 

An outer periphery of one of opposite ends of a nut body 
forming a part of the rotary nut and having the spiral inner 45 
groove confronting to and aligned with the spiral outer 
groove around the ball screw shaft, and a circulating tunnel 
for the balls may be formed as a tapered surface tapering 
axially inwardly. 

This design is particularly advantageous in that at the time 50 
the rolling bearing for the support of the nut is press-fitted 
to the rotary nut and the rotor of the electric drive motor is 
assembled relative to the rotary nut, the press-fitting of the 
rolling bearing can be facilitated accompanied by increase in 
workability because the outer periphery of the end of the nut 55 
body is tapered in shape. Also, even a guide during assem- 
blage of the rotor can be performed smoothly because the 
outer periphery of the end of the nut body is tapered in 
shape. 

Also, a portion of an outer peripheral surface of the nut 60 
body that is continued from the tapered surface may be 
formed into a cylindrical surface and wherein a knurled 
surface region for avoiding an arbitrary rotation is formed on 
the cylindrical surface and a portion of the tapered surface 
adjacent the cylindrical surface. 65 

According to this structure, since the knurled surface 
region is formed on that portion of the tapered surface, the 
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knurled surface region can have an increased effective width 
sufficient to ensure a rotational locking effect. Also, in the 
case where the knurled surface region is formed and if it is 
made of a sintered alloy, the necessity of use an annular 
groove required to roll-form the knurled surface region can 
be advantageously dispensed with and the width of the 
knurled surface region can be increased correspondingly. 

In the practice of the present invention, each of the end 
caps may have an outer peripheral surface that is tapered in 
a direction away from the nut body, wherefore the work- 
ability in performing the press-fitting of the rolling bearing 
and the assemblage of the rotor can fiirther be increased. 

According to another aspect of the present invention, 
there is provided an electrically powered steering device 
which comprises a housing; a steering shaft drivingly con- 
nected with a steering mechanism for steering wheels and 
extending completely through the housing; a motion trans- 
lating mechanism for translating a rotary force exerted by a 
steering wheel into a force required to move the steering 
shaft in a direction axially of the steering shaft; a ball screw 
mechanism including a ball screw shaft constituted by a 
portion of the steering shaft, and a rotary nut; and an electric 
drive motor mounted at one end on an outer periphery of the 
rotary nut of the ball screw mechanism. The rotary nut of the 
ball screw mechanism used is so structured and so config- 
ured as will be described, below. 

This rotary nut is of a so-called "end cap type" wherein 
one of the end caps is formed integrally with the nut body. 
More specifically, the has defined therein a spiral inner 
groove confronting to and aligned with a spiral outer groove 
defined on the ball screw shaft, and a ball circulating passage 
continued with respective opposite ends of the spiral inner 
groove and includes a nut body and an end cap firmly 
connected to one of opposite ends of the nut body. The ball 
circulating passage includes a circulating tunnel defined in 
the nut body so as to extend axially thereof, and end 
passages continued from respective opposite ends of the 
circulating tunnel to the spiral inner groove, and the nut 
body has the spiral inner groove, the circulating tunnel of the 
ball circulating passage and one of the end passages, said 
end cap having the other of the end passages defined therein. 

According to the above described structure, since the joint 
between the nut body of the rotary nut and the end cap in the 
ball screw mechanism is found only at one location adjacent 
the corresponding end of the nut body, the possibility in 
which rolling motion of the balls in the spiral inner groove 
and circulation of the balls in the ball circulating passage 
may be hampered in the presence of the joint can be 
advantageously reduced about 50% of that which would be 
brought about by the presence of the two joints. For this 
reason, rolling motion and lubrication of the balls can be 
performed smoothly with a reduced possibility of the lubri- 
cant film on the surfaces of the balls being removed. 
Accordingly, the ball screw mechanism can have an 
increased lifetime. Also, since the rotary nut is made up of 
the nut body and the only end cap, the number of the 
component parts is reduced, resulting in an excellent assem- 
blility so that automation of the manufacture of the ball 
screw mechanism can be facilitated. It is to be noted that 
sir x one end of the rotary nut is utilized to support the end 
cap fastened thereto, mounting of the balls can be carried out 
while the end cap is removed from the nut body. 

In the practice of the present invention, the end cap is 
preferably connected to one of opposite ends of the nut body 
adjacent the rotor, and a rolling bearing for supporting the 
rotary nut may be mounted on the other of the opposite ends 
of the nut body. 
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Where this design is employed, the end of the rotary nut ing completely through the housing; a motion translating 

where the rolling bearing is press-fitted is completely free mechanism for translating a rotary force exerted by a steer- 

from the presence of any step which would be formed on the ing wheel into a force required to move the steering shaft in 

outer peripheral surface thereof during fastening of the end a direction axially of the steering shaft; a ball screw mecha- 

cap thereto since a portion which ought to be an end cap is 5 nism including a ball screw shaft constituted by a portion of 

integrated together with the nut body, thereby facilitating the the steering shaft, and a rotary nut; and an electric drive 

press-fitting of die rolling bearing. motor mounted at one end on an outer periphery of the rotary 

Where the end cap is connected to the end of the nut body nut of the ball screw mechanism. The rotary nut used in the 

adjacent the rotor, the outer peripheral surface of the end cap ball screw mechanism is of the structure which will now be 

may be formed as a tapered surface tapering axially 1° described. 

inwardly in a direction away from the nut body. Specifically, the rotary nut of the ball screw mechanism 

Formation of the tapered surface on the outer peripheral has defined therein a spiral inner groove confronting to and 

surface of the end cap can facilitate assembly by mounting aliened with a spiral outer groove defined on the ball screw 

the rotor of the electric drive motor. shaft, and a return groove connecting neighboring convolu- 

The electrically powered steering device of the present 15 *ons of the spiral inner groove to thereby define a circum- 

invention is featured in that an inner race raceway for the feudal circuit for the balls. Also a portion of the rotary nut 

rolling bearing of the ball screw mechanism is formed w here the return groove is formed is formed integrally with 

integrally with the outer peripheral surface of the rotary nut. * portion where the spiral inner groove and a portion 

A ° ' c forming the outer peripheral surface. The term "integrally 

According to this structure, the use of an inner race oi the _ n e * e . t r . r . . . . , , . t _ * ' 

. . * * . . u a- * 20 formed" referred to hereinabove is intended to means non- 

beanne for the support of the rotary nut can be dispensed e m t , 4 . 

t , fjf 7 . - Z.. use of separate component parts connected together, 

with and, instead, the raceway corresponding in function to v r v & 

the inner race is formed directly on the rotary nut. Therefore, According to the above described construction, since the 

not only can the device as a whole have a reduced outer rotary nut is of a design wherein the neighboring convolu- 

diameter and be compact in size, but also if the outer <i°ns of the spiral inner groove are connected together 

diameter remains the same as in the prior art, a sectional through the return groove, as is the case with the prior art 

height of the rotary nut can be increased, to thereby increase bridge type, no ball return passage is found on the outer 

the lifetime and also to provide a relatively large freedom of periphery of the nut and the rotary nut can therefore have a 

design choice. Also, since the inner race which is a compo- reduced outer diameter. Moreover, since the return groove is 

nent part dedicated to the bearing is eliminated and the inner integrally formed in the rotary nut, unlike the bridge type, no 

race raceway is formed directly on the rotary nut, a step of step which would be formed when the separate member is 

press-fitting the bearing inner race onto the rotary nut is mounted is found on the outer peripheral surface of the 

advantageously eliminated and the number of the compo- rotary nut and, therefore, the inner race of the bearing for 

nent parts required is reduced, thereby bringing about a rotatably supporting the rotary nut can be positioned and 

meritorious effect on the assembly. " „ fixed on tne outer Peripheral surface thereof and the rotor of 

In the practice of the present invention, the end cap may lhe , elec ^c drive motor can be easily mounted. For these 

be made of a sintered alloy. The use of the sintered alloy as ™*>™> the electrically powered steering device as a whole 

a material for the end cap makes it possible to employ the can be * a compact size. Also, since the return 

injection molding process in which, even when the ball g roov * 1S formed "> th f e rot J* nut ; n0 J° f inl » 

rolling passage I of a multi-thread design, a reversing ^ *™ m ? on an mn , er P en P heral surface of the rotary nu and, 

portion in the end can be accurately and inexpensively ^foje, not only can the ball circulate ; smoothly but also 

c ju ■ - .• .u . • i t».. „i™ „™k;„,,.;„„ the lubricant film deposited on the surface ot each or the 

formed by injecting the material. By choosing a combination r ., 

, . ,;■ , .i.i „Zt .„„,,.u„ .u. balls will not be scraped oft, allowing the ball screw 

of metallic powdery materials to be mixed together, the • Lie. 

physical strength can be increased accompanied by a cor- mechanism to have an increased bfetime. 

responding increase of the lifetime. 45 In the practice of the present invention, the spiral outer 

Also, in the practice of the present invention, the nut body groove of the ball screw mechanism may have a groove face 

may be made of a sintered alloy. Tlie use of the sintered alloy f° rmed £ with a hardened layer of a generally uniform depth 

as a material for the nut body makes it possible to employ *at is formed by means of a high frequency hardening 

the injection molding process and the sintering process to process. According to this structural design the depth of the 

form the rotary nut accurately and inexpensively on a so hardened layer formed on the groove face ot the sp.ral outer 

mass-production basis, with no need to use any machining groove of the ball screw mechanism is uniformly kep at the 

process such as turning and grinding. In addition, by suitably predetermined value along the curvature ot the spira outer 

choosing a combination of the metallic powdery materials to groove and, therefore the rolling htetime of the sp.ral outer 

be mixed together, the required physical strength and the groove can be secured and, by allowing the hardened layer 

durability can be maintained. Also, unlike the rotary nut 5 s 001 10 be u t °™ 10 * d ^ &KMe [ lh ™ n = ccssar y> ,h = 

made of a synthetic resin, the durability which would be steer 'ns shaft having an excellent toughness and an excellent 

reduced as a result of frictional wear is excellent and a little straigbtness can be obtained. 

influence of thermal change is brought about on the Preferably, the hardened layer may advantageously have 

dimension, and when the end cap is fastened and fixed to the a Rockwell hardness HRC within the range of 55 to 62 and, 

nut body by the use of bolts, no problem is found which 6 o »> addition thereto or separate therefrom the hardened layer 

would result from an elastic deformation brought about by may advantageously have an effective hardened layer depth 

the fastening pressure and, therefore, the fastening torque within the range of 0.20 to 1.10 mm. 

can be properly supervised. BRIEF DESCRIPTION OF THE DRAWINGS 

According to a third aspect of the present invention, there 

is provided an electrically powered steering device which 65 In any event, the present invention will become more 

comprises a housing; a steering shaft drivingly connected clearly understood from the following description of pre- 

with a steering mechanism for steering wheels and extend- ferred embodiments thereof, when taken in conjunction with 
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the accompanying drawings. However, the embodiments 
and the drawings are given only for the purpose of illustra- 
tion and explanation, and are not to be taken as limiting the 
scope of the present invention in any way whatsoever, which 
scope is to be determined by the appended claims. In the 
accompanying drawings, like reference numerals are used to 
denote like parts throughout the several views, and: 

FIG. 1 is a longitudinal side view of a ball screw 
mechanism, with a portion broken away, for use in associa- 
tion with an electrically powered steering device according 
to a first preferred embodiment of the present invention; 

FIG. 2 is a longitudinal sectional view, on an enlarged 
scale, of the ball screw mechanism shown in FIG. 1; 

FIG. 3 is a fragmentary longitudinal side view of the ball 
screw mechanism of FIG. 2, showing a rotary nut employed 
therein; 

FIG. 4 is a longitudinal sectional view showing the rotary 
nut shown in FIG .3; 

FIG. 5 is a perspective view of an end cap forming a part 
of the rotary nut shown in FIG. 3; 

FIG. 6 is a side view showing an injection molding 
machine used to form the rotary nut; 

FIG. 7A is a longitudinal sectional view, with a portion cut 
out, of a portion of a steering shaft showing a spirally 
grooved guide face in a condition of being high-frequency 
hardened in accordance with the teachings of the present 
invention; 

FIG. 7B is a longitudinal sectional view, with a portion cut 
out, of a corresponding portion of the prior art steering shaft 
showing a spirally grooved guide face in a condition of 
being high-frequency hardened; 

FIG. 8 is a longitudinal side view of a bearing-mounted 
ball screw mechanism, with a portion broken away, for use 
in association with an electrically powered steering device 
according to a second preferred embodiment of the present 
invention; 

FIG. 9 is a longitudinal sectional view of the bearing- 
mounted ball screw mechanism shown in FIG. 8, showing 
the ball screw mechanism; 

FIG. 10 is a longitudinal sectional view of a rotary nut 
employed in the bearing-mounted ball screw mechanism 
shown in FIG. 8; 

FIG. 11 is a longitudinal side view of the ball screw 
mechanism, with a portion broken away, for use in associa- 
tion with an electrically powered steering device according 
to a third preferred embodiment of the present invention; 

FIG. 12 is a fragmentary longitudinal side view of the ball 
screw mechanism showing the rotary nut mounted thereon; 

FIG. 13 is a longitudinal sectional view of the rotary nut 
employed in the ball screw mechanism according to the third 
preferred embodiment of the present invention; 

FIGS. 14A and 14B are perspective views of the rotary 
nut shown in FIG. 13 as viewed from different directions, 
respectively; 

FIG. 15 is a longitudinal sectional view of the ball screw 
mechanism for use in association with an electrically pow- 
ered steering device according to a fourth preferred embodi- 
ment of the present invention; 

FIG. 16A is a longitudinal side view of the ball screw 
mechanism of FIG. IS showing the rotary nut employed 
therein; 

FIG. 16B is an end view of the ball screw mechanism 
shown in FIG. 16A; 

FIG. 17Ais a fragmentary side view, on an enlarged scale, 
of the end cap showing a counterbore defined therein; 
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FIGS. 17B and 17C are fragmentary sectional views 
showing the counterbore before and after pressing of a 
projection after a bolt has been screwed in, respectively; 

FIG. 18A is an end view of the end cap as viewed 
5 internally; 

FIG. 18B is a side sectional view, on an enlarged scale, of 
the end cap showing a reversing passage defined therein; 

FIG. 18C is an end view of the rotary nut showing the 
reversing passage defined therein in communication with a 
throughhole; 

FIG. 18D is a side sectional view, on an enlarged scale, of 
thi.- rotary nut showing communication between the through- 
hole and the reversing passage defined in the rotary nut; 
15 FIG. 19A is a schematic sectional view showing a mold 
used in an injection molding process to form the rotary nut; 

FIG. 19B is a schematic sectional view showing a mold 
used in an injection molding process to form the end cap; 
FIG. 20 is a longitudinal side view of the ball screw 
20 mechanism, with a portion broken away, for use in associa- 
tion with an electrically powered steering device according 
to a fifth preferred embodiment of the present invention; 
FIG. 21 is a sectional view of the rotary nut used in the 
22 ball screw mechanism shown in FIG. 20; 

FIG. 22 is an exploded perspective view of the ball screw 
mechanism shown in FIG. 20; 

FIGS. 23A to 23C are schematic longitudinal sectional 
views showing different prior art ball screw mechanisms; 
30 and 

FIG. 24 is a fragmentary longitudinal side view of the 
prior art ball screw mechanism. 

DETAILED DESCRIPTION OF THE 
35 EMBODIMENTS 

Referring first to FIG. 1, a generally cylindrical housing 
25 has a bracket (not shown) through which the housing 25 
is fixedly connected to an automobile chassis or body 

^ structure. This housing includes a steering shaft 21 rotatably 
extending within the housing 25 and drivingly connected at 
its opposite ends with respective tie rods T and T which are 
in turn drivingly connected with a steering mechanism (not 
shown) for steering, for example, front tire wheels. 

45 A steering rod 9 extends diagonally upwardly from one 
end portion of the cylindrical housing 25 and has an upper 
end fixedly connected with a steering wheel (not shown). 
The steering rod 9 is rotatably supported and, when the 
steering wheel is turned either clockwise or counterclock- 

50 wise with respect to the longitudinal axis of the steering rod 
9, rotation of the steering rod 9 is transmitted to the steering 
shaft 21 through a motion translating mechanism 22, posi- 
tioned adjacent a lower end of the steering rod 9, so that the 
steering shaft 21 can be moved axially within the cylindrical 

55 housing 25. The motion translating mechanism 22 includes 
a rack 8 which may be a part of, or otherwise formed on, a 
longitudinal portion of the steering shaft 21, and a pinion 
(not shown) fixedly mounted on the lower end of the steering 
roc 9 and meshed with the rack 8 within the cylindrical 

60 housing 25. Although not shown, a steering torque detector 
is mounted in association with the steering rod 9 for detect- 
ing a steering torque with which the steering wheel is turned. 

The cylindrical housing 25 is of a generally three-piece 
construction including an intermediate cylindrical body 25a 

65 and generally tubular end members 256 and 25c capped onto 
respective opposite ends of the intermediate cylindrical body 
25a. A generally cylindrical stator 24b of an electric drive 
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motor 24 is coaxially disposed within the intermediate 
cylindrical body 25a of the housing 25 and positioned 
substantially intermediate of the length of the housing 25. 
This cylindrical stator 246 is comprised of a core and a stator 
coil. A cylindrical rotor 24a of the electric drive motor 24 is 5 
housed within the cylindrical stator 246 and has an outer 
peripheral surface spaced a slight distance radially inwardly 
from an inner peripheral surface of the stator 246 to define 
a gap therebetween. The cylindrical rotor 24a is made of a 
magnet or a magnetic material and is mounted on a sleeve 10 
27 for rotation together therewith. The steering shaft 21 
referred to hereinbefore extends within the sleeve 27 for 
movement in a direction axially thereof. The electric drive 
motor 24 is controlled by a motor control circuit (not shown) 
according to the torque detected by the steering torque 15 
detector. 

One of opposite ends of the sleeve 27 adjacent, for 
example, the steering rod 9 as shown is rotatably supported 
within the housing 25 by means of a rolling bearing 26b. The 
rolling bearing 266 may be a single bearing or a combination 20 
of a plurality of bearings and is of a type capable of 
supporting not only a radial load, but also a thrust load. 

Rotation of the electric drive motor 24 can be transmitted 
to the steering shaft 21 through a ball screw mechanism 23 
to move the steering shaft 21 axially within the housing 25. 25 
The ball screw mechanism 23 includes a ball screw shaft 10 
which is represented by an axial portion of the steering shaft 
21. In other words, in the illustrated embodiment, the axial 
portion of the steering shaft 21 is formed with an externally 
helically threaded groove to define the ball screw shaft 10. 30 

The ball screw mechanism 23 also includes a rotary nut 11 
supported rotatably within the housing 25 through a rolling 
bearing 26a that is mounted externally on the rotary nut 11 
and having one end press-fitted into the cylindrical rotor 24a 
of the electric drive motor 24. One end of the cylindrical 
rotor 24a adjacent the rotary nut 11 protruded axially 
outwardly from the sleeve 27 so as to receive the rotary nut 
11 under interference fit. 

The rolling bearing 26a may be a single bearing or a ^ 
combination of a plurality of bearings and is of a type 
capable of supporting not only a radial load, but also a thrust 
load. In the illustrated embodiment, the rolling bearing 26a 
is employed in the form of, for example, an angular ball 
bearing or the like and is of a design including inner and 45 
outer races with a group of rolling elements interposed 
between the inner and outer races. 

The details of the ball screw mechanism 23 will now be 
described with particular reference to FIGS. 2 to 5. This ball 
screw mechanism 23 includes the ball screw shaft 10, the 50 
rotary nut 11 and a group of torque transmitting balls 13 
operatively interposed between the ball screw shaft 10 and 
the rotary nut 11. 

This ball screw mechanism 23 is of a so-called "end cap 
type" in which the rotary nut 11 is comprises of a nut body ss 
11a and two end caps 14a and 146 connected to respective 
opposite ends of the nut body 11a. 

The nut body 11a has an internally spirally threaded inner 
groove 51 (referred to as an "inner spiral groove") defining 
an inner spiral ball raceway, a circulating tunnel 15a and a 60 
plurality of bolt holes 53. The inner spiral groove 51 of the 
nut body 11a confronts and is aligned with an externally 
spirally threaded outer groove 50 (referred to as an "outer 
spiral groove") on the ball screw shaft 10 that defines an 
outer spiral ball raceway. A ball rolling guideway 12 for the 65 
balls 13 is defined between the outer spiral groove 50 and the 
inner spiral groove 51. The circulating tunnel 15a extends in 
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the nut body 11a in a direction axially thereof and has its 
opposite ends communicated with respective opposite ends 
of the ball rolling guideway 12 that are spaced axially of the 
nut body 11a in a manner which will now be described. 

The end caps 14a and 146 connected to the opposite ends 
of the nut body 11a and utilized to circulate the balls 13 from 
the outer spiral groove 50 to the circulating tunnel 15a and 
then from the circulating tunnel 15a to the outer spiral 
groove 50 and are in the form of a ring having an inner 
diameter equal to that of the nut body 11a. Each of the end 
caps 14a and 146 has a grooved guideway 17a and 176 
denned on a surface of the respective end cap 14a and 146 
which is, when such end cap 14a and 146 is connected to the 
nut body 11a, brought into contact with the nut body lla. 
The grooved guideway 17a or 176 defined in each of the end 
caps 14a or 146 is made up of a helical groove segment 
defined in an inner peripheral surface of the respective end 
cap 14a or 146 in communication with the inner spiral 
groove 51 and extending an angle not greater than 180 
degrees with respect to the longitudinal axis of the nut body 
lla, and a slant groove segment continued to and extending 
radially outwardly and slantwise from the helical groove 
segment. Thus, the circulating tunnel 15a and the grooved 
guideways 17a and 176 define a ball circulating passage 15. 

Each of the end caps 14a and 146 is formed with bolt 
insertion holes 56 formed therein at respective locations 
alignable with the bolt holes 53 in the corresponding end of 
the nut body lla for passage therethrough of corresponding 
bolts 55. Each end cap 14a or 146 has an outer surface 
formed with a counterbore defined therein in alignment with 
the respective bolt insertion hole 53. The end caps 14a and 
146 are secured to the respective ends of the nut body lla 
by means of the bolls 55 passing through the bolt insertion 
holes 56 and firmly threaded into the corresponding bolt 
holes 53. Each of the end caps 14a and 146 has an outer 
peripheral surface gradually tapered in a direction away 
from the nut body lla and a comer region of each end cap 
14a or 146 delimited between the outer peripheral surface 
and the outer surface thereof is chamfered to render it to 
represent an arcuately curved sectional shape. 

The rotary nut 11 has an outer periphery of a shape which 
will now be described. As hereinbefore mentioned, the nut 
body lla is of a cylindrical shape and, as best shown in FIG. 
3, is integrally formed with an annular flange for positioning 
the rolling bearing 26a, so as to protrude radially outwardly 
from a generally intermediate portion of the outer peripheral 
surface of the nut body lla. The annular flange 57 has a 
cylindrical outer peripheral surface having a portion of the 
circumference thereof flattened at 57a for positioning pur- 
pose. Respective portions of the outer peripheral surface of 
the but body lla on respective sides of the annular flange 57 
are formed as a cylindrical surface area 58, onto which the 
rolling bearing 26a is press-filled, and a mounting area 62 
onto which the cylindrical rotor 24a of the electric drive 
motor 24 is mounted. An outer peripheral surface of the end 
of the nut body lla adjacent the cylindrical surface area 58, 
that is, a portion of the outer peripheral surface of the rotary 
nu« 11 delimited between the cylindrical surface area 58 and 
the end face thereof is slightly converged in a direction 
axially outwardly of the rotary nut 11 towards the end cap 
17a so as to define a tapered surface 59 with a comer area 
chamfered at M to render it to represent an arcuately curved 
sectional shape to thereby avoid any possible galling of that 
corner area. 

On the other hand, the mounting area 62 is slightly 
converged in a direction axially outwardly towards the end 
cap 176 from a cylindrical surface region to the opposite end 
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to thereby define a tapered surface 60. A knurled surface substantially turned, the steering torque detector (not shown) 

region 61 is defined on the cylindrical region of the mount- associated with the steering rod 9 provides no output and, 

ing area 62 and a portion of the tapered surface 60 for therefore, the electric drive motor is held in inoperative 

locking the cylindrical rotor 24a from being rotated relative position by the motor control means (not shown), 

to the rotary nut 11. The knurled surface region 61 may be 5 Accordingly, the electrically powered steering device is in 

not be always limited to a multiplicity of parallel grooves, position not to provide an assisted steering force, 

but may be a mesh-like grooves. Each of the tapered i n the event that the steering wheel is turned, the steering 

surfaces 59 and 60 on the respective ends of the nut body 11a torque detector associated with the steering rod 9 provides 

is tapered at an angle of 10 to 15 degrees. an output therefrom and, under the control of the motor 

Each of the nut body 11a and the end caps 14a and 146 1° control circuit, the electric drive motor 24 rotates the rotor 

forming respective parts of the rotary nut 11 is preferably 24a. As the rotor 24a is rotated, the rotary nut 11 of the ball 

made of a sintered alloy. Formation of those component screw mechanism 23 undergoes rotation together with the 

parts of the rotary nut 11 may be carried out by the use of rotor 24a, causing the steering shaft 21, which is an integral 

any known injection molding machine using a metallic part of the ball screw shaft 10, to move axially to thereby 

powder adjusted to represent a plastizeable form. * 5 produce an assisted steering force. 

One example of manufacture with the use of the injection At this time, the balls 13 of the ball screw mechanism 23 

molding machine will be described. At the outset, a metallic rollingly move within the ball rolling guideway defined 

powder and a binder prepared from a mixture of plastics between the spiral inner and outer grooves 50 and 51 and 

with wax are kneaded in a kneading machine and the circulate from the ball rolling guideway back to the ball 

resultant kneaded product is subsequently pelletized to pro- 20 rolling guideway through the guideway 17a in the end cap 

duce pellets. The metallic powder which can be used in the 14a, then through the circulating tunnel 15a and finally 

practice of the present invention is preferably in the form of through the guideway 17b in the end cap 14b. 

a metallic material capable of being subsequently carbon- In this way, the steering force of the steering wheel can be 

ized and quenched and may comprise 0.3% of carbon (C), 1 assisted by the electric drive motor 24. 

to 2% nickel (Ni) and the balance being iron (Fe). 25 In me electrically powered steering device of the structure 

The pellets so prepared are supplied into a hopper 30 of described above, since the nut body 11a of the rotary nut 11 

the injection molding machine 29 shown in FIG. 6 and are, is formed with the tapered surface 59 on the outer peripheral 

after having been heated to melt within the injection mold- surface of the end thereof on which the rolling bearing 26a 

ing machine 29, injected into a mold 31. The injection 3Q is press-fitted, the press-fitting of the rolling bearing 26a can 

molding machine 29 used in the practice of the present easily be accomplished accompanied by an increased 

invention is similar to that generally used in association with workability, without allowing the rolling bearing 26a being 

plastics molding and comprises a cylinder 32 having a misaligned with the rotary nut 11. On the other hand, since 

nozzle 32a fitted to a mold exit of the machine 29, a screw the outer periphery of the end of the nut body 11a onto which 

feeder 35 accommodated within the cylinder 32 and driven 35 tha rotor 24a is mounted is formed into the tapered surface 

by a hydraulic motor 34 through a hydraulic cylinder 33, and 60, guiding of the rotor 24a during assemblage of the rotor 

a heater 36 positioned externally of the cylinder 32 for 24a can be accomplished smoothly. Also, since the tapered 

heating the molding material being feed by the screw feeder surface 60 is also partially formed with the knurled surface 

35. area 61 for locking the rotor 24a, the knurled surface area 61 

A spiral groove which eventually forms the outer spiral 40 can effectively have an increased width, resulting in an 
groove 50 on the ball screw shaft 10 of the steering shaft 21 increased effect of locking the rotor 24a against its rotation, 
is formed by the use of a rolling technique. Specifically as Where the nut body 11a is made of a sintered alloy, the nut 
shown in FIG. 7A, the outer spiral groove 50 has a groove body 11a can be manufactured by the use of the injection 
faces formed with a hardened layer 117 that is formed by molding technique in combination with sintering on a mass- 
disposing in the proximity of the outer spiral groove 50 a 45 production basis to thereby eliminate the use of a machining 
spiral heating coil 116 having a radius of curvature that is process such as turning and grinding. The technique in 
equal to the average sectional radius of curvature of the outer which the injection molding technique and the sintering 
spiral groove, and then, rotating the ball screw shaft 10 so as technique are utilized in combination, which is highly 
to move axially as shown by the arrows in FIG. 7A while the precise, has been developed and, therefore, it can be utilized 
steering shaft 21 has been matched with the angle of helix 50 to manufacture the rotary nut 11 with high precision. Also, 
of the spiral groove. It is to be noted that the spiral heating since the knurled surface area 61 can also be formed during 
coil 116 may have a plurality of turns. the injection molding process, the annular groove solely 

The hardened layer 117 so formed on the groove face of intended for the rolling process can advantageously be 

the spiral outer groove 50 is, unlike the hardened layer 112 dispensed with, allowing the knurled surface area 61 to be 

found in the prior art as shown in FIG. 713, spaced a uniform 55 formed to a position adjacent the annular flange 57. For this 

distance from the heating coil 116 during the high frequency reason, the knurled surface area 61 can further effectively 

quenching process and has therefore a generally uniform secure the width. 

predetermined depth. A surface portion between the neigh- because of the unique shapes of the nut body 11a and the 

boring convolutions of the spiral outer groove 50 in the ball end caps 14a and 146, the assemblage can further be 

screw shaft 10 is not hardened to a depth greater than 6 o facilitated, accompanied by increase in workability, 

necessary. It is to be noted that the hardened layer 117 has ] n addition, the depth of the quenched hardened layer 

a surface hardness of 55 to 62 in terms of HRC according to formed on the groove face of the spiral outer groove 50 of 

Rockwell hardness and an effective thickness thereof within the ball screw shaft 10 is uniformly kept at the predeter- 

the range of 0.20 to 1.10 mm. mined value along the curvature of the spiral outer groove 

The operation and function of the structure described 65 and, therefore, the rolling lifetime of the spiral outer groove 

above will now be described. Assuming that the automotive 50 can be secured and, by allowing the hardened layer not 

vehicle is driven straight without the steering wheel being to be formed to a depth greater than necessary, the steering 
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shaft 21 having an excellent toughness and an excellent The ball screw mechanism 23B will now be described 

straightness can be obtained. with particular reference to FIGS. 11 to 14. The illustrated 

A second preferred embodiment of the present invention ball screw mechanism 23B includes the ball screw shaft 10, 

will now be described. the rotary nut 10B and the group of the balls 13 interposed 

The electrically powered steering device according to the 5 between the ball screw shaft 10 and the rotary nut 11B. 

second preferred embodiment of the present invention is The ball screw mechanism 23B is of a type wherein one 

substantially similar to that according to the first preferred 0 f tne enc j caps is formed integrally with the nut body and 

embodiment in that the rolling bearing 26a and the ball is hence an i ntegra i part 0 f the rotary nut. Specifically, the 

screw mechanism 23A altogether constitute a bearing- roUry nut 11B inc i udes the nm body UBa and the end cap 

mounted ball screw mechanism 90. 10 Ub firmly mnnecxti] to one end of the nut body HBa . The 

As shown in FIG. 8, the bearing-mounted ball screw en ,- Ub k in the form of a rf havi an innef diameler 

mechanism 90 is of a design in which an outer peripheral { {Q ^ of the nm bod UB „ 

surface of the rotary nut UA of the ball screw mechanism ^ ' . 

23A is formed integrally with an inner race raceway 95 for Thc "> ta ? nut 11B « has d * fined ih ™ m u {h u c s P" a inner 

the rolling bearing 26a so that the rolling bearing 26a and 1<5 S roove 5 1 facing towards and aligned with the spiral outer 

the ball screw mechanism 23A are integrated together in a 15 8 roove 50 on the bal1 screw shaft 10 and the baI1 circulating 

unitary component. passage 15B continued to the opposite ends of the spiral 

Hie rolling bearing 26a makes use of the rotary nut 11A inner 6 roove 51 ■ The bal1 circulating passage 15B is made up 

of the ball screw mechanism 23A as an inner race and of lhe circulating tunnel lSBa extending axially of the nut 

includes, in addition to the rotary nut UA, an outer race 92, on bod y 11B *> and & rooved end guideways lSBb and 15Bc 

a plurality of rolling elements 93 operatively interposed 20 continued from opposite ends of the circulating tunnel 15Ba 

between respective raceways 95 and 97 of the inner and t0 lhe respective opposite ends of the spiral inner groove 51. 

outer races, and a retainer 94 for retaining the rolling The nut body UBa has the spiral inner groove 51, the 

elements 93. The rolling elements 93 are employed in the circulating tunnel 15Ba of the ball circulating passage 15B 

form of balls such as, for example, steel balls and each of the and one of the grooved end guideways 15B6 whereas the 

inner race raceway 95 and the outer race raceway 97 is in the otber ot the grooved end guideway 15Bc is defined in the 

form of a groove of a substantially accurate cross-section, en d ca P 146- 

This rolling bearing 26a is of a type capable of supporting The grooved end guideway 15B6 in the nut body UBa is, 

the radial and thrust loads and the relationship between the as shown in FIG. 14A, formed as a bore extending from the 

rolling elements 93 and the respective raceways 95 and 97 3Q adjacent end of the spiral inner groove 51 radially outwardly 

of the inner and outer races is similar to that in a deep-groove towards the outer periphery of the nut body UBa. The 

ball bearing or an angular ball bearing. grooved end guideway 15Bc defined in the end cap 14b is, 

As shown in FIGS. 9 and 10, the ball screw mechanism as shown in FIG. 14B, made up of a helical groove segment 

23a is substantially similar to that employed in the first defined in an inner peripheral surface of the end cap 14b in 

preferred embodiment except that the outer peripheral sur- 3S communication with the inner spiral groove 51 and extend- 

face of the rotary nut 11A is formed with the inner race ing an angle not greater than 180 degrees with respect to the 

raceway 95 for the rolling bearing 26a. Therefore, the details longitudinal axis of the nut body 11B<?, and a slant groove 

of the ball screw mechanism 23 A will not be reiterated for segment continued to and extending radially outwardly and 

the sake of brevity. slantwise from the helical groove segment. 

In this electrically powered steering device, since the 40 The nut body UBa and the end caps 14b are formed with 
bearing-mounted ball screw mechanism 90 is of the struc- the bolt insertion holes 56 and the bolt holes 53 formed 
ture in which the inner race raceway 95 for the rolling therein at respective locations alignable with each other and 
bearing 26a is formed directly on the outer peripheral spaced circumferentially thereof. The end cap 14b has an 
surface of the rotary nut 11 A of the ball screw mechanism outer surface formed with a counterbore defined therein in 
23A, the bearing outer diameter D can be smaller by a 45 alignment with the respective bolt insertion hole 53. The end. 
quantity corresponding to the wall thickness of the inner cap 14fr is secured to the adiacent end of the nut body UBa 
race employed in the prior art bearing as shown in FIG. 8. by means of the bolts 55~(FIG. 11) passing through the boll 
Assuming that the bearing outer diameter D is equal to that insertion holes 56 and firmly threaded into the correspond- 
in the prior art bearing, the outer diameter d of the rotary nut ing bolt holes 53. The end cap 14b has an outer pp.riphp.ral 
11A can be increased by a quantity corresponding to the wall 50 surface gradually tapered in a direction away from the nut 
thickness of the inner race of the prior art bearing and, boay 11 my to aenne tne tapered surface &4__and a conjeT 
therefore, the durability of the ball screw mechanism 23A region Xi ot the end cap 14b delimited between the outer 
can advantageously be increased. Also, since the raceway 95 peripheral surface and the outer surface thereof is chamfered. 
for the rolling bearing 26a are formed on the outer peripheral t o render it to represent an arcuately curved sectional shape T 
surface of the rotary nut 11A, the number of component 55 Each of the nut body UBa and the end cap 14b forming 
parts required can be reduced, resulting in an increase of the respective parts of the rotary nut 11 B is preferably made of 
assemblability. a Entered alloy. As is the case with the first preferred 

The electrically powered steering device according to a embodiment of the present invention, formation of those 

third preferred embodiment of the present invention will be component parts of the rotary nut 11B may be carried out by 

described hereinafter. 60 the use of the injection molding machine shown in FIG. 6 

This electrically powered steering device according to the and using a metallic powder adjusted to represent a plas- 

third preferred embodiment is substantially similar to that tizeable form. 

according to the first preferred embodiment except that the In the electrically powered steering device according to 

ball screw mechanism 23 B different from the ball screw the third embodiment of the present invention, since the 

mechanism 23 is employed. Specifically, in the ball screw 65 rotary nut 11B of the ball screw mechanism 23 B has only 

mechanism 23B employed in the third embodiment of the one joint between the nut body UBa and the end cap 14b, 

present invention, the end cap 14a is dispensed with. the possibility in which rolling motion of the balls 13 in the 
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spiral inner groove 51 and circulation of the balls 13 in the 
ball circulating passage 15B may be hampered in the pres- 
ence of the joint can be advantageously reduced about 50% 
of that which would be brought about by the presence of the 
two joints. For this reason, rolling motion and lubrication of 5 
the balls 13 can be performed smoothly with a reduced 
possibility of the lubricant film on the surfaces of the balls 
13 being removed. Accordingly, the ball screw mechanism 
23B can have an increased lifetime. Also, since the rotary 
nut 11B is made up of the nut body 11 Ba and the only end 10 
cap 146, the number of the component parts is reduced, 
resulting in an excellent assemblility so that automation of 
the manufacture of the ball screw mechanism 23B can be 
facilitated. 

In general, when the separate end cap is to be bolted to the 15 
nut body, it is a general practice that in anticipation of any 
possible misalignment between the end cap and the nut body 
during the fastening them together the end cap has an outer 
diameter chosen to be greater (by, for example, $0.2) than 
that of the nut body and, on the other hand, the rolling 20 
bearing is press-fitted under interference, so that the outer 
periphery of the end cap may not protrude radially out- 
wardly from the outer periphery of the nut body. 
Accordingly, where as is the case with this embodiment of 
the present invention one of the end caps that is positioned 25 
adjacent the rolling bearing is formed integrally with the nut 
body HBa, not only can a job of fastening the end cap 14B 
to the nut body llBa reduced half, but also no joint is 
formed on the outer peripheral surface and, therefore, the 
rolling bearing 26a can be easily press-fitted onto the nut 30 
body llBa. 

While only one of the end caps, that is, the end cap 146 
cannot be formed integrally with and must be separate from 
the nut body llBa because of a problem associated with 
loading of the balls 13, the fact that the outer periphery of 35 
the end cap 146 is designed to have a composite shape 
including the tapered surface fi4 pr ogressive ly tapering away 
from the adj acent end of t he nut body 11% and the arcuately 
chamfered corner region 83, they serves as a guide tace 
along which the rotor 24a of the electric drive motor 24 can 40 
be g uided during mounting thereof onto the rotary nut, 
accompanied by a t urther increase of the workability. 

It is to be noted that as is the case with the second 
embodiment of the present invention, the inner race raceway 45 
for the rolling bearing 26a can be formed integrally on the 
outer peripheral surface of the rotary nut 11 B of the ball 
screw mechanism 23B. 

The electrically powered steering device according to a 
fourth preferred embodiment of the present invention 50 
employs the ball screw mechanism that is substantially 
similar to that according to any one of the first to third 
embodiment of the present invention, except that the ball 
screw mechanism employed in the practice of the fourth 
embodiment of the present invention includes a plurality of 55 
ball circulating passages and the tapered surface on the outer 
peripheral surface of the end of the rotary nut is dispensed 
with. 

Referring to FIG. 15, there is shown a schematic sectional 
view of the ball screw mechanism employed in the practice 60 
of the fourth preferred embodiment of the present invention. 
As shown therein, the ball screw mechanism 23C includes 
the ball screw shaft 10 having the spiral outer groove 50 
formed on the outer peripheral surface thereof in the form of 
a multi-threaded groove (for example, double-threaded 65 
groove as shown in FIG. 15), the rotary nut 11C having the 
spiral inner groove 51 formed on the inner peripheral surface 
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thereof in the form of a correspondingly multi-threaded 
groove, and the group of the torque transmitting balls 13 
disposed in series with each other in the ball rolling guide- 
way 12 defined between the spiral outer and inner grooves 
50 and 51. As shown in FIG. 15, the balls 13 are turned in 
a grooved reversing guideway 17a, defined in the end cap 
14a at, for example, a left end of the nut body llCa as 
viewed in FIG. 15, so as to travel into a circulating tunnel 
15Ca, defined in the nut body 11 Ca so as to extend axially 
thereof, and then to move rightwards within the circulating 
tunnel 15Ca towards the right-hand end cap 14b as viewed 
in FIG. 15. The balls 13 moving towards the right-hand end 
cap 14b subsequently travel into the ball rolling passage 12, 
defined between the ball screw shaft 10 and the nut body 
11 Ca, through a grooved reversing guideway 176 defined in 
the end cap 14b. In this way, the balls 13 circulate within the 
ball screw mechanism 23C. The nut body llCa has a 
substantial wall thickness so that the circulating tunnel 15Ca 
can be formed in a number corresponding to the number of 
the multi-threads within the wall of the nut body llCa in a 
fashion spaced circumferentially thereof. Thus, in the prac- 
tice of the fourth embodiment of the present invention, the 
grooved reversing guideways 11a and 176 which serve as 
upper and lower ball circulating passages 15 C each com- 
municating the opposite ends of the ball rolling passage 12, 
and the circulating tunnel 15Ca are defined in the nut body 
UCa and the end caps 14a and 14b firmly fastened to the 
respective ends of the nut body 11 Ca. 

The end caps 14a and 14b are firmly secured to the 
respective ends of the nut body 11 Ca as shown in FIG. 16A 
by means of fixing bolls 16 such as those having a hexagonal 
counterbore in their head. As shown in FIGS. 17A and 17B, 
a mounting hole defined in each of the end caps 14a. and 146 
for receiving the respective fixing bolt 16 has a counterbore 
19 defined therein, in which the head of the respective fixing 
bolt 16 can be completely seated within the counterbore 19 
without protruding outwardly from an outer end face of the 
associated end cap 14a or 146. In addition, each of the 
counterbores 19 has a suitable number, for example, two as 
shown in FIG. 17A, of projections 19a defined therearound 
so that, after the respective fixing bolt 16 has been fastened, 
the projections 19a can be plastically deformed by staking 
with the use of a suitable staking tool (not shown) to thereby 
form respective lock pieces 19a as shown in FIG. 17C which 
serve to avoid any possible loosening of the fastened fixing 
bolt 16. 

The grooved reversing guideways 17a and 176 defined in 
the respective end caps 14a and 146 are so formed as to open 
at corresponding end faces as shown in FIGS. 18A and 18B, 
respectively. These grooved reversing passages 17a and 176 
correspond in position and also in number to the position and 
the number of the circulating tunnels 15Ca defined in the nut 
body llCa and are formed generally spirally to follow the 
spiral direction of the ball rolling passage 12 so as to extend 
arcuately or tangentially around the ball screw shaft 10, so 
that the opposite ends of the circulating tunnels 15Ca can be 
smoothly communicated with the ball rolling passage 12. 

,n addition, the grooved reversing passages 17a and 176 
defined in the respective end caps 14a and 146 are, as shown 
in FIGS. 18 A and 18B, shaped to represent a groove of a 
generally semi-circular cross section having an inner diam- 
eter slightly greater than the outer diameter of each ball 13, 
whose depth is maximum at a location where they commu- 
nicate with the circulating tunnel 15Ca and minimum at a 
location where they communicate with the ball rolling 
passage 12. Thus, each grooved reversing passage 17a and 
176 has a groove depth varying continuously to represent a 
generally inclined groove. 
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The grooved reversing passages 17a and 176 may be 
formed in respective opposite end faces of the nut body 
11 Ca in communication with the circulating tunnel 15Ca as 
shown in FIGS. 18C and 18D. It is to be noted that in FIGS. 
18Ato 18D the grooved reversing passages 17a and 176 are 
so formed as to straddle between the end faces of the nut 
body HCa and the end caps 14a and 14ft, but they may not 
be always limited thereto and they may be formed only one 
of them. 

For positioning the grooved reversing passages 17a and 
176, formed in the respective end caps 14a and 146, relative 
to the circulating tunnel 15Ca, annular positioning projec- 
tions 18a and annular positioning recesses 186 adapted to 
receive therein the annular positioning projections 18a are 
preferably formed at respective locations adjacent the cir- 
culating tunnel 15Ca so that, when the annular positioning 
projections 18a are engaged in the associated annular posi- 
tioning recesses 186, the grooved reversing passages 17a 
and 176 can be accurately positioned in alignment with the 
circulating tunnel 15 Ca. 

The outer peripheral surface of the rotary nut 11 C has 
defined therein a bearing mounting surface area 11 Cc (See 
FIG. 16) on which the rolling bearing 16a for rotatably 
supporting the rotary nut 11C relative to the housing 25 
shown in FIG. 19A is mounted and a motor mounting 
surface area 11 Cd (See FIG. 16) onto which the cylindrical 
rotor 24a of the electric drive motor 24 is mounted. The 
bearing mounting surface area 11 Cc is, as shown in FIG. 
16 A, formed with a radially outwardly protruding flange 
11 Ce which forms a positioning shoulder for the rolling 
bearing 26a whereas the motor mounting surface area 11 Co* 
is formed with a parallel knurled surface region for avoiding 
any possible rotational creep of the rotor 24a. The annular 
flange HCe is formed with a plurality of mounting holes 
11C/ (See FIGS. 16Aand 16B) for mounting of the rotor 24a 
of the electric drive motor 24. The above described flange 
HBe may be in the form of a ring, but it is preferred in terms 
of the lightweight and compact feature that as shown in FIG. 
16B left and right portion of the flange is cut out to provide 
left and right flat side faces that are spaced therebetween a 
distance generally equal to the outer diameter of the rotary 
nut UC and top and bottom portions of the flange are also 
cut out without affecting the respective positions of the 
mounting holes 11 Cf to provide flat top and bottom faces. It 
is to be noted that as is the case with the second preferred 
embodiment of the present invention, the outer peripheral 
surface of the rotary nut UC of the ball screw mechanism 
23C may be formed integrally with the inner race raceway 
for the rolling bearing 26a. 

The spiral outer groove 50 formed in the ball screw shaft 
10 is formed by the use of the rolling process and the end 
caps 14a and 146 and the nut body HCa are formed by the 
use of the MIM (metal injection molding) process. The MIM 
process is such that as is the case hereinbefore described, the 
product can be manufactured by adjusting the metallic 
powder in the form of a plastizeable form and with the use 
of the injection molding machine shown in FIG. 6. 

A mold assembly 33 into which a material for the nut 
body HCa is injected to form the nut body UCa is, as 
shown in FIG. 19 A, comprised of a stationary mold 33a and 
a movable mold 336 and a cylindrical core 39 with a 
molding cavity 40 for the formation of the nut body 11 Ca 
defined between the stationary and movable molds 33a and 
336. An operative end of the cylindrical core 39 is formed 
with a spiral projection 39a complemental in shape to and 
for forming the spiral outer groove 50 of a multi-thread 
shape. After the injection molding of the nut body UCa, the 
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cylindrical core 39 is rotated about its own longitudinal axis 
to allow it to be removed out of the mold assembly 33. In 
FIG. 19A, reference numeral 41 represents a gate and 
reference numeral 42 represents a runner. 

5 FIG. 19B schematically illustrates a mold assembly 43 
used for injection molding of the end cap 14a, which is made 
up of a stationary mold 43a and a movable mold 436 with 
a cavity for forming the end cap 14a defined therebetween. 
This mold assembly 43 has an interior surface facing the 

10 melding cavity 45, which surface is formed with projections 
and recesses complemental in shape to and for forming the 
grooved reversing passage 17a in the end cap 14a, the 
counterbores 19 (not shown) and the staking projections 19a 
(not shown), respectively, at corresponding predetermined 

15 locations. In FIG. 19B, reference numeral 46 represents a 
gate and reference numeral 47 represents a runner. Although 
the end cap 146 can be injection molded by the use of a 
similar mold assembly, but the identical mold assembly may 
be used to form the end caps 14a and 146 if the end caps 14a 

20 and 14a are identical in structure to each other and of a 
symmetrical structure. 

The nut body UCa formed by the injection molding 
process using the above described mold assembly 33 and the 
end cap 14a formed by the injection molding process using 

25 the above described mold assembly 43 are, after having been 
removed from the respective mold assemblies 33 and 43, 
loaded into a sintering furnace (not shown) where they are 
sintered. After the sintering, the nut body 11 Ca is bored to 
provide the circulating tunnel 15 Ca and the bold holes 16 A 

30 (See FIG. 18C) and, on the other hand, the counterbores 19 
in the end cap 14a are bored to provide the corresponding 
bolt holes 166 (See FIG. 18A). Thereafter, they are option- 
all;." carburized and hardened as desired. It is to be noted that 
the annular positioning projections 18a and the associated 

35 positioning recesses 186 for receiving the corresponding 
positioning projections 18a as shown in FIGS. 18A to 18D 
are preferably formed by the use of the injection molding 
process. It is also to be noted that the bolt holes 16a in the 
nut body llCa are preferably in the form of a blind hole 

40 rather than being bored completely across the length of the 
nut body UCa. 

Jn the electrically powered steering device according to 
the fourth preferred embodiment of the present invention, 
for the reason which will be subsequently described, it is 

45 suggested to form at least the end caps 14a and 146 out from 
the group of the end caps 14a and 146 and the nut body UCa 
are manufactured by the MIM process. Specifically, since 
the end cap type is advantageous in that the structure of the 
rotary nut 11 C can be simplified with no projection formed 

50 on the outer periphery of the rotary nut UC with the radial 
size thereof reduced substantially, the electrically powered 
steering device as a whole can be assembled in a compact 
size. On the other hand, since the above described end cap 
type although simple in structure is such that the direction of 

55 turn of the group of the balls 13 lies generally at right angles, 
it r> necessary the shape and the dimension of the grooved 
reversing passages 17a and 176 formed respectively in the 
end caps 14a and 146 must be accurately tailored in order to 
secure a smooth circulating motion of the balls 13. Also, 

60 where the ball rolling passage 12 is formed of the multi- 
thread design, the grooved reversing passages 17a and 176 
in the respective end caps 14a and 146 tend to become 
complicated in shape, requiring an increased number of 
machining steps wherefore they are not suited for ass- 

65 production. With respect to the spiral inner groove 51 in the 
nut body llCa, here it is in the form of the multi-thread 
design, similar problems will arise. 
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Although the use of a synthetic resin as a material for the 
end caps 14a and 146 can be contemplated, there is a 
possibility that the durability will be reduced as a result of 
frictional wear and no smooth circulating motion of the balls 
will be ensured because of change in dimension as a result 5 
of thermal shrinkage and, in addition, the fixing bolts can be 
firmly fastened with a proper torque. The present invention 
makes use of the MIM process capable of ulilizing advan- 
tages of the both so that the end caps 14a and 146 and the 
nut body 11 Ca of the ball screw mechanism that is used in 10 
the electrically powered steering device for use in the 
automotive vehicle can be accurately and inexpensively 
manufactured. In addition, the outer periphery of the rotary 
nut UC can be simplified to allow the rotor 24a of the 
electric drive motor 24 and the rolling bearing 26a to be 15 
mounted one over the other, resulting in reduction in radial 
size and increase of the load bearing capacity. 

Also, if the end caps 14a and 146 are connected to the 
opposite ends of the nut body 11 Ca merely by theadingly 
fastening the fixing bolts 16, the use thereof in the electri- 20 
cally powered steering device for the automotive vehicle 
would result in undesirable loosening of some or all of the 
fixing bolts 16 under influence of vibrations and the end caps 
14a and 146 would eventually separate from the nut body 
11 Ca. However, according to the present invention, since the 25 
end caps 14a and 146 are formed with the projections 19a 
around the corresponding counterbores 19 so that, after the 
fixing bolts 16 have been fastened, those projections 19a can 
be staked by the use of any suitable staking tool to form the 
lock pieces 19a' to avoid any possible undoing of the fixing 30 
bolts 16 with a simplified structure. Therefore, a smooth 
circulation of the balls 13 can be ensured with the function- 
ality and the reliability of the ball screw mechanism 23C 
increased substantially. 

A fifth preferred embodiment of the present invention will 35 
now be described. 

The electrically powered steering device according to the 
fifth preferred embodiment of the present invention differs 
from that according to any one of the first to fourth embodi- ^ 
ments of the present invention in that the electrically pow- 
ered steering device according to the fifth embodiment 
employs the ball screw mechanism of a bridge type, but is 
substantially similar to that according to any one of the first 
to fourth embodiment so far as the other component parts are 45 
concerned. 

With particular reference to FIGS. 20 to 22, the ball screw 
mechanism 23D will be described in detail. This ball screw 
mechanism 23D is a bridge type ball screw mechanism in 
which a bridge member is formed integrally with the rotary 50 
nut as will now be described. The ball screw shaft 10 has the 
spiral outer groove 50 whereas the rotary nut 11 D has the 
spiral inner groove 51 confronting and aligned with the 
spiral outer groove 50. The spiral outer and inner grooves 50 
and 51 define a raceway along which the balls 13 positioned 55 
between the spiral outer and inner grooves 50 and 51 move 
rollingly, which raceway has a generally accurate sectional 
shape or a sectional shape similar to the shape of a Gothic 
arch. 

The rotary nut lid has its inner peripheral surface formed 60 
with the spiral inner groove 51 and a return groove 109 
communicating the neighboring convolutions 51a and 51a 
of the spiral inner groove 51, and the single convolution 51a 
of the spiral inner groove 51 and the return groove 109 
altogether form a circumferential circuit 110 for the balls. In 65 
other words, opposite ends of the single convolution 51a of 
the spiral inner groove 51 are communicated with the single 
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return groove 109 to define the circumferential circuit 110 of 
a length corresponding to the circumference of the single 
convolution as shown by the single-dotted line in FIG. 21. 
The return groove 109 has a depth sufficient to allow each 
of the balls 13, movably seated in the spiral outer groove 50 
on the ball screw shaft 10, to ride over a crest of the spiral 
outer groove 50. Also, this return groove 109 has one side 
portion a communicated with the adjacent convolution 51a 
of the spiral inner groove 51 and having a size sufficient to 
allow each ball 13 to enter the adjacent convolution 51a of 
the spiral inner groove 51, but the opposite side portion b 
being of a size incapable of allowing the respective ball 13 
to enter the adjacent convolution 51a of the spiral inner 
groove 51. Means for establishing this incapability of allow- 
ing the balls 13 to enter the adjacent convolution 51a may 
be constituted by a member that is formed integrally with, or 
separately affixed to, a side edge of the return groove 109 
and is effective to close the entity or a portion of a cross- 
section of the spiral inner groove 51. 

The number of the convolutions 51a of the spiral inner 
groove 51 in the rotary nut 11D may be any suitable, 
arbitrarily chosen value and the number of the circumfer- 
ential circuit 110 can be suitably chosen to correspond to the 
number of the convolutions 51a of the spiral inner groove 
51. The circumferential position of the return groove 109 of 
each circumferential circuit 110 may be suitably chosen as 
desired and, in the illustrated embodiment, they are posi- 
tioned an angle of 90 degree in a direction circumferentially 
of the rotary nut 11 D around the ball screw shaft 10. 

It is lo be noted that even in the fifth embodiment of the 
present invention, the outer peripheral surface of the rotary 
nut- 11D of the ball screw mechanism 23D may be formed 
integrally with the inner race raceway for the rolling bearing 
26a as is the case with the second embodiment of the present 
invention. 

The rotary nut 11D is integrally formed in its entirety with 
the use of a sintered alloy and, accordingly, respective 
portions of the rotary nut 11D where the return groove 109, 
the spiral inner groove 51 and the outer peripheral surface 
are formed are integrally formed together. In the illustrated 
embodiment, the rotary nut 11D is an integrally molded part 
including the annular projection HDa on the outer periphery 
thereof, but a portion which will be eventually formed as the 
annular projection HDa may be a member separate from the 
rotary nut 11D and may be fixedly mounted on a member 
which will eventually form the body of the rotary nut 11D. 
Manufacture of the rotary nut 11 D may be carried out in a 
manner similar to that described hereinbefore, i.e., by adjust- 
ing the metallic powder in a plasticizeable fashion and 
molding by the use of the injection molding machine shown 
in FIG. 6. 

In the electrically powered steering device according to 
the fifth embodiment of the present invention, since the 
rotary nut 11D is of the design wherein the neighboring 
convolutions 51a of the spiral inner groove 51 are connected 
together by means of the return groove 109, no ball return 
passage is formed on an outer periphery of the nut as is the 
case with the prior art bridge type and, therefore, the rotary 
nut 11D can have a reduced outer diameter. Moreover, since 
the return groove 109 is formed integrally with the rotary nut 
11D, unlike the bridge type, no step which would be formed 
on the outer peripheral surface of the rotary nut UD when 
a separate member is mounted is formed on the outer 
peripheral surface of the rotary nut 11D and, therefore, not 
only can the inner race of the rolling bearing 26a for 
supporting the rotary nut 11 D be positioned and fixed on the 
outer peripheral surface of the rotary nut 11D, but also the 
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rotor 24a of the electric drive motor 24 can also be mounted 
on the outer periphery of the rotary nut 11 D. In view of these 
features, the electrically powered steering device as a whole 
can be assembled in a compact size. Also, since the return 
groove 109 is formed integrally in the rotary nut 11D, no 5 
joint is formed on the inner peripheral surface of the rotary 
nut 11D and, therefore, not only can the balls circulate 
smoothly, but also the ball screw mechanism 23D can have 
an increased lifetime with no possibility of the lubricant film 
on the surface of each ball 13 being removed. In addition, 10 
there is no need to fix the bridge member within the 
engagement hole in the rotary nut by the use of the bonding 
material such as required in the prior art bridge type ball 
screw mechanism and, therefore, not only can the workabil- 
ity be increased, but the problem associated with oozing of 15 
the bonding material can be advantageously eliminated and 
no job of removing the deposit of the bonding material is 
necessary, permitting an increased productivity. 

Since the rotary nut 11D is made of the sintered alloy, it 
can be manufactured by the use of the injection molding 20 
process and the sintering technique, thereby eliminating the 
need to perform any machining process such as turning and 
grinding while allowing an excellent mass productivity. The 
technique in which the injection molding technique and the 
sintering technique are utilized in combination, which is 25 
highly precise, has been developed and, therefore, it can be 
utilized to manufacture the rotary nut 11D with high preci- 
sion. 

Although the present invention has been fully described in 
connection with the preferred embodiments thereof with 30 
reference to the accompanying drawings which are used 
only for the purpose of illustration, those skilled in the art 
will readily conceive numerous changes and modifications 
within the framework of obviousness upon the reading of the 
specification herein presented of the present invention. 35 
Accordingly, such changes and modifications are, unless 
they depart from the scope of the present invention as 
delivered from the claims annexed hereto, to be construed as 
included therein. 

What is claimed is: 40 

1. An electrically powered steering device which com- 
prises: 

a housing; 

a steering shaft drivingly connected with a steering 45 
mechanism for steering wheels and extending com- 
pletely through the housing; 

a motion translating mechanism for translating a rotary 
force exerted by a steering wheel into a force required 
to move the steering shaft in a direction axially of the 50 
steering shaft; 

a ball screw mechanism including a ball screw shaft 
constituting a portion of the steering shaft, and a rotary 
nut; and 

an electric drive motor mounted at one end on an outer 55 
periphery of the rotary nut of the ball screw mecha- 
nism: 

wherein said ball screw mechanism comprises the ball 
screw shaft having a spiral outer groove formed there 
around; so 

the rotary nut formed with a spiral inner groove con- 
fronting to and aligned with the spiral outer groove 
on the ball screw shaft; 

a plurality of torque transmitting balls disposed in a 
series within a ball rolling guideway defined between 65 
the spiral outer groove on the ball screw shaft and the 
spiral inner groove in the rotary nut and for trans- 
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mitting a force between the rotary nut and the 
steering shaft; and 

a rolling bearing mounted on an outer periphery of the 
rotary nut for rotatably supporting the rotary nut 
relative to the housing, and wherein the outer periph- 
ery of the rotary nut is formed integrally with a 
radially outwardly protruding positioning flange for 
positioning the rolling bearing mounted thereon; and 

wherein a ball circulating passage communicating with 
the ball rolling guideway at its respective opposite 
ends is formed in part in a nut body of the rotary nut 
and in part in at least one end cap secured to 
respective opposite ends of the nut body. 

2. The electrically powered steering device as claimed in 
claim 1, wherein the ball circulating passage includes a 
circulating tunnel defined in the nut body so as to extend 
axially thereof, and a passage defined in one or both of an 
end face of the nut body and an inner end face of the end cap 
held in contact with such end face of the nut body so as to 
straddle therebetween for communicating a corresponding 
end of the circulating tunnel with the ball rolling guideway. 

3. The electrically powered steering device as claimed in 
claim 1, wherein each of the end caps has a counterbore that 
is staked to prevent a fixing bolt, used to secure the respec- 
tive end cap fixedly to the nut body, from being rotated 
arbitrarily. 

4. The electrically powered steering device as claimed in 
claim 1, wherein the ball rolling guideway of the ball screw 
mechanism is of a multi-thread design. 

5. The electrically powered steering device as claimed in 
claim 1, wherein an outer periphery of one of opposite ends 
of ihe nut body forming a part of the rotary nut and having 
the spiral inner groove confronting to and aligned with the 
spiral outer groove around the ball screw shaft, and a 
circulating tunnel for the balls is formed as a tapered surface 
tapering axially inwardly. 

6. The electrically powered steering device as claimed in 
claim 5, wherein a portion of an outer peripheral surface of 
the nut body that is continued from the tapered surface is 
formed into a cylindrical surface and wherein a knurled 
surface region for avoiding an arbitrary rotation is formed on 
the cylindrical surface and a portion of the tapered surface 
adjacent the cylindrical surface. 

7. The electrically powered steering device as claimed in 
claim 5, wherein each of the end caps has an outer peripheral 
surface that is tapered in a direction away from the nut body. 

8. The electrically powered steering device as claimed in 
claim 1, wherein an inner race raceway for the rolling 
bearing of the ball screw mechanism is formed integrally on 
an outer peripheral surface of the rotary nut. 

9. The electrically powered steering device as claimed in 
claim 1, wherein each of the end caps is made of a sintered 
alloy. 

10. The electrically powered steering device as claimed in 
claim 1, wherein a nut body of the rotary nut is made of a 
sintered alloy. 

11. The electrically powered steering device as claimed in 
claim 1, wherein the spiral outer groove of the ball screw 
mechanism has a groove face formed with a hardened layer 
of a generally uniform depth that is formed by means of a 
high frequency hardening process. 

12. The electrically powered steering device as claimed in 
claim 11, wherein the hardened layer has a Rockwell hard- 
ness HRC within the range of 55 to 62. 

13. The electrically powered steering device as claimed in 
claim 11, wherein the hardened layer has an effective 
hardened layer depth within the range of 0.02 to 1.10 mm. 
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14. An electrically powered steering device which com- 
prises: 
a housing; 

a steering shaft drivingly connected with a steering 
mechanism for steering wheels and extending com- 5 
pletely through the housing; 

a motion translating mechanism for translating a rotary 
force exerted by a steering wheel into a force required 
to move the steering shaft in a direction axially of the 
steering shaft; 

a ball screw mechanism including a ball screw shaft 
constituting a portion of the steering shaft, and a rotary 
nut; and 

an electric drive motor mounted at one end on an outer 15 
periphery of the rotary nut of the ball screw mecha- 
nism: 

wherein said ball screw mechanism comprises the ball 
screw shaft having a spiral outer groove formed there 
around; 20 

the rotary nut formed with a spiral inner groove con- 
fronting to and aligned with the spiral outer groove 
on the ball screw shaft; and 

a plurality of torque transmitting balls disposed in a 
series within a ball rolling guideway defined between 
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the spiral outer groove on the ball screw shaft and the 
spiral inner groove in the rotary nut and for trans- 
mitting a force between the rotary nut and the 
steering shaft; 

wherein a ball circulating passage communicating with 
the ball rolling guideway at its respective opposite 
ends is formed in part in a nut body of the rotary nut 
and in part in at least one end cap secured to an end 
of the nut body; and 

wherein an outer periphery of one of opposite ends of 
the nut body forming a part of the rotary nut and 
having the spiral inner groove confronting to and 
aligned with the spiral outer groove around the ball 
screw shaft, and a circulating tunnel for the balls is 
formed as a tapered surface tapering axially 
inwardly, and 

wherein a portion of an outer peripheral surface of the 
nut body that is continued from the tapered surface 
is formed into a cylindrical surface and wherein a 
knurled surface region for avoiding an arbitrary 
rotation is formed on the cylindrical surface and a 
portion of the tapered surface adjacent the cylindrical 
surface. 
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